Ipomoea carnea Jacq., also known as morning glory, is native of tropical America, and its purported centre of origin is the Paraguay Basin. This plant is feared by ranchers because of its well-documented toxicity to cattle. Because of its showy flowers, it became a popular ornamental in Brazil and was introduced into others countries, becoming an aggressive wetland ecosystem invader. Little is known about its mycobiota in Brazil which may include fungal pathogens that could be used in classical biocontrol programmes. Coleosporium ipomoeae (Schwein.) Burril and Puccinia puta H.S. Jacks. and Holw. ex F. Kern, Thurst. and Whetzel are the only fungi recorded in the literature attacking this plant in Brazil. An intensive search for specialized, coevolved fungal pathogens of I. carnea was initiated in 2003 in Brazil. Twenty-one fungal species were collected. Among these were the two previously known rusts, C. ipomoeae and P. puta, and Aecidium sp., Albugo sp., an unidentified ascomycete, Mycosphaerella sp., five coelomycetes (Colletotrichum sp., Phoma sp. Phomopsis sp., and two Phyllosticta spp.) and ten hyphomycetes (Alternaria sp., Cercospora sp., Cladosporium sp., Curvularia sp., Dactylaria-like, Fusarium-like, Nigrospora sp. Passalora sp. and two Pseudocercospora spp.). Observations of the damage caused by such fungal diseases in the field indicate that the fungi with the best potential as biological agents are C. ipomoeae, P. puta, Albugo sp., the Phyllostica sp. that colonizes stems, and Phomopsis sp.
Introduction
Morning glory, Ipomoea carnea Jacq., (local name in Brazil is algodão-bravo) is a shrubby perennial amphibious plant belonging to the Convolvulaceae. It is considered to be native to South America and particularly common in the basins of the rivers Paraguay and São Francisco (Lorenzi, 2000) . It is also widely distributed in Brazil as an ornamental species for its showy violet flowers (Kissmann and Groth, 1995) . This plant is also one of the most feared poisonous weeds to Brazilian ranchers since it is able to cause severe nervous disorder when ingested by bovines, sheep or goats (Tokarnia et al., 2000) .
Ipomoea carnea was introduced into areas outside the Neotropics, and it now causes serious invasions of wetland habitats in Southern India and Pakistan where streams, mangroves and other ecosystems may be blocked, hampering irrigation and access (H.C. Evans personal communication, 2006) . It is also included in the Florida Exotic Pest Council's List of Florida's Most Invasive Species as a weed category II (FLEPPC, 2003) .
Surveys of fungal pathogens of plants native to Brazil that are weeds elsewhere have yielded a plethora of potential biocontrol agents (Barreto and Evans, 1994 , 1995a ,b, 1998 Barreto and Torres, 1999; Barreto et al., 1995 Barreto et al., , 1999a Barreto et al., ,b, 2000 Barreto, 2000, 2005; Monteiro et al., 2003; , and two of the fungi highlighted as promising classical biocontrol agents during such surveys have already been introduced from Brazil into other regions of the world: Prospodium tuberculatum (Speg.) Arthur for the biological control of Lantana camara L. (Ellison et al., 2006) in Australia and Colletotrichum gloeosporioides (Penz.) Penz. and Sacc. for the biological control of Miconia calvescens DC in Hawaii (Barreto et al., 2001) .
Recently, a survey for fungal pathogens of I. carnea was started, aimed at finding fungi to be used in the future as biocontrol agents for this weed. Puccinia puta H. S. Jacks. and Holw. ex F. Kern, Thurst. and Whetzel was the only fungus previously recorded on I. carnea (referred to as Ipomoea crassicaulis) in Brazil. Recently, a second rust fungus, Coleosporium ipomoeae (Schwein.) Burril, was recorded by Vieira et al., (2004) .
Materials and methods
The collecting procedure adopted during the survey was as described in Barreto (1991) . The collecting trips occurred between July 2004 and February 2006. Information on some ad hoc collections that were made before the main survey work is also included. The survey covered a wide geographic area of central and southern Brazil including the states of Minas Gerais, São Paulo, Rio de Janeiro, Espírito Santo, Paraná, Santa Catarina, Rio Grande do Sul, Mato Grosso, Mato Grosso do Sul, Goiás and Rondônia.
The diseased parts of the plants suspected to be damaged by fungal pathogens were collected, dried in a plant press and taken to the lab. The isolation of the potential agents was performed by direct transfer of fungal structures to Petri dishes containing 15 ml of VBA medium (Pereira et al., 2003) , with the help of a dissecting microscope and a sterilized fine point needle. The fungi obtained were preserved in silica-gel according to Dhingra and Sinclair (1996) .
Selected specimens were deposited in the local herbarium (Herbarium VIC). Fungal structures were removed from diseased tissues and mounted in lactophenol. Observations of morphology were carried out with an OLYMPUS BX 50 light microscope.
In order to confirm the pathogenicity of two selected fungi (Passalora sp. and Alternaria sp.), isolates were cultivated in VBA and incubated in the dark for 48 h at 25°C and later submitted to 12 h near-ultraviolet irradiation and 12 h dark. Four disks taken from 10-dayold cultures were placed abaxially and adaxially on three leaves of two healthy potted I. carnea plants. After inoculation, plants were left for 48 h in a humid chamber prepared by covering the plants with plastic 
Results
Twenty-one fungal species were found in association with I. carnea during the survey (Table 1) . Among these, at least two taxonomic novelties were promptly recognized and will be dealt with separately in a taxonomic publication, namely: Passalora sp. and Phyllosticta sp.1. All the other fungi that were found represented new host or geographic records. Inoculation of I. carnea with Passalora sp. yielded symptoms equivalent to those observed in the field on all inoculated leaves after 20 days. Non-inoculated leaves remained healthy. Typical structures of the Passalora sp. were present on the diseased tissues, and the fungus was re-isolated from newly infected tissues.
The species of Alternaria on I. carnea had the morphology and cultural characteristics typical of Alternaria alternata (Fr.) Keissler. Its pathogenicity to I. carnea was proven, and similar symptoms to those observed in the field were observed within 15 days of inoculation. This fungus has not been recorded on I. carnea until now.
Attempts to isolate the Phyllostica sp.1 associated with stem and petiole lesions were unsuccessful. This fungus appears to have a biotrophic habit. Plant tissues surrounding the fungus colonies were observed to retain a healthy appearance until late stages of infection. Necrosis, leaf drop and death of the apical buds only occurred at the final stages of infection.
Discussion
At the present stage of this research, it would be too early to dismiss any of the fungi as not promising for use as biocontrol agents for I. carnea. Some of the fungi collected in association with I. carnea are either evident saprophytes or suspected to have such status, as is the case of Nigrospora sp., Cladosporium sp., Curvularia sp., the Dactylaria-like fungus, the Fusarium-like fungus and Phyllosticta sp.2. Otherwise, the damage associated with the other fungi, listed in Table 1 , was significant as observed in the field. In general, plants infected with such fungi appeared weaker and defoliated as compared with individuals in healthy I. carnea populations. The fungi appearing to be the most promising candidates for use in weed biocontrol, deserving further evaluations are: the rusts C. ipomoeae and P. puta, Albugo sp., Passalora sp., Phyllostica sp.1 and Phomopsis sp.
Both rust fungi were frequently found throughout the year associated with moderately high plant defoliation. However, they appear to have a wide host range within the Convolvulaceae since both have been recorded on other species in this family, including sweet potato (in the case of C. ipomoeae; Hennen et al., 2005) . There may be host-specific strains of C. ipomoeae and P. puta that could safely be introduced into other regions of the globe, but even if these species are proven to be polyphagous within the Convolvulaceae, their introduction into other areas of Brazil against noxious I. carnea population might still be considered.
Albugo sp. was found only a few times, in the states of Mato Grosso, Mato Grosso do Sul and São Paulo. This fungus appears to have a more restricted geographic distribution compared with the two rusts. It caused a complete leaf curling or leaf blight (when the attack occurred on the petioles). However, its specificity and potential to be used as a biocontrol agent requires further investigation.
Passalora sp. could prove useful as a classical biological control or even as a mycoherbicide against I. carnea. Although no sporulation was obtained for this fungus in the conditions that were used, the potential for mass production of spores, which is critical for its viability as a mycoherbicide, was not properly investigated.
Phomopsis sp. was consistently found associated with stem necrosis and easily sporuled in culture; however, its pathogenicty and specificity has not yet been tested.
Phyllosticta sp.1 appears to be the most promising candidate to be used as a classical biological control agent. The damage inflicted naturally by this fungus on I. carnea populations was evident. Infected plants in advanced disease stages were weakened and almost completely defoliated. On diseased plants, foliage on each individual stem was often reduced to only six or eight terminal leaves.
Although it used to be thought that A. alternata had several pathotypes that produce host-specific toxins, this was considered wrong by Simmons (1999) . If further investigation on this fungus on I. carnea confirms that it fits within the non-specific, cosmopolitan A. alternata-group, this would restrict its potential as a classical biocontrol agent but not necessarily result in its rejection for use as a biocontrol agent of I. carnea. This fungus grows well and sporulates abundantly in culture and could be further evaluated for development of a mycoherbicide to be used in Brazil similarly to what is being done with an isolate of A. alternata obtained from Eichhornia crassipes in India (Babu et al., 2002 (Babu et al., , 2003 (Babu et al., , 2004 .
Half of the fungi previously recorded in the literature in association with I. carnea were recorded only from countries outside the native range of this plant species in the Neotropics. Most of the records from countries such as India, Pakistan and Malaysia probably represent saprophytic, weakly pathogenic-opportunistic or generalistic pathogens of no relevance for biocontrol (Table 2) .
Although only a relatively limited area of the native range of I. carnea was surveyed, several potential biocontrol agents were found. It is, therefore, expected that the expansion of the survey into new areas in Brazil or other parts of the Neotropics will reveal a much larger list of potential fungal agents for biocontrol of I. carnea. Although Brazil is considered as part of the centre of origin of this plant, only two fungi were previously known on this host in Brazil. Results of the present study added 19 new taxa to this list, most of which are clearly pathogenic to I. carnea (Table 1) . Pathogenicity and host-specific tests are now being conducted to confirm the status of fungi selected as having possible potential for use in the biocontrol of I. carnea. 
